METHODS:
13 cadaveric lumbar spine segments from four cadaveric specimens were included in the study. Spinal levels with gross structural damage, prior instrumentation or previous pars fracture were excluded. The 26 available pars were randomized using a computerized random number generator to be left intact or to undergo simulated fracture. Based on the randomization, 15 pars were randomized to undergo simulated fracture and 11 pars were left intact. Simulated fractures were created using a 1.3mm thick oscillating microsurgical saw, taking care to not damage adjacent bony structures [ Figure 1 ]. . Figure 1 : Gross specimen demonstrating simulated pars fracture (white arrow) and intact pars (yellow arrow)
Lumbar spine segments underwent imaging in a supine position using plain radiographs [ Figure 2 ], multiplanar fluoroscopic imaging [ Figure  3 ] using a Philips Multi Diagnostic Eleva System with a 3D Rx Workstation and flat panel detectors (Philips Healthcare, Andover, MA) and conventional CT scan with three dimensional reformatting [ Figure  4 ]. The images were interpreted by two senior musculoskeletal radiologists and one fellow in musculoskeletal imaging who were not involved with creation of the simulated fractures and who were blinded to the number and location of pars defects. Each view and sequence was interpreted independently from all other views and sequences. At the time of imaging, radiation exposure for each modality was quantified using a dosimeter device (Landauer, Glenwood, IL) placed immediately adjacent to the specimens.
Sensitivity and specificity were calculated for each imaging modality and for each plane of imaging when multiplanar reconstructions were available. Kappa analysis was performed to quantify agreement between radiologists.
This study was approved by the Institutional Review Board.
Figures 2-4: Oblique radiograph, sagittal fluoroscopic and CT images demonstrating spondylolytic defects.
RESULTS:
Average radiation doses were 12 millirad for plain radiographs, 62 millirad for low radiation dose fluoroscopic imaging, 113 millirad for high radiation dose fluoroscopic imaging and 680 millirad for CT scan [ Figure 5 ]. Evaluation of plain radiographs for spondylolysis had an average sensitivity of 98% and specificity of 97%. Evaluation of the specimens using low dose fluoroscopic images, high dose fluoroscopic images and CT scan images correctly identified the status of all pars based on axial, coronal and sagittal plane images and therefore sensitivity and specificity were both 100% for these modalities.
Kappa analysis demonstrated a value of 0.89 for radiographic interpretation indicating excellent agreement. Kappa values describing agreement between readers for axial, coronal and sagittal plane image interpretation for fluoroscopic imaging and CT scan were equal to 1.0, representing perfect agreement.
DISCUSSION:
Although other studies have evaluated the accuracy of fluoroscopic three dimensional imaging of the spine, few applications have as compelling a rationale for fluoroscopic imaging as the evaluation of spondylolysis in children. In addition, erect imaging could be performed with the Eleva System which may enhance detection of associated spondylolisthesis. This study sought to evaluate the ability of a three dimensional fluoroscopic imaging system to identify pars fractures. Three blinded observers were independently able to correctly identify all fractures of the pars in our experimental model on both the low and high radiation dose fluoroscopic images as well as using CT scan images with significantly less ionizing radiation exposure used for the fluoroscopic imaging. Given the high degree of efficacy in this cadaveric model, further study is necessary to evaluate fluoroscopic three dimensional imaging systems in patients with back pain suspected of having spondylolysis, especially given the differential radiation exposure in comparison to conventional CT scan.
Limitations of this study include its idealized conditions with respect to imaging bony anatomy in the absence of overlying soft-tissue which can complicate image acquisition and interpretation. Additionally, although the saw blade used was the smallest available, the resulting osteotomies were approximately 2mm wide due to blade excursion, a defect which may be larger than nondisplaced fractures in vivo.
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